The hand is an important means for human interaction with the physical environment (1) . Many of the tasks that the hand can undertake -such as precision grasping and manipulation of objects, detection of individual defects on smooth surfaces, discrimination of textures, etc. -depend on the exquisite tactile sensitivity of the fingertips. Tactile information is conveyed by populations of mechanosensitive afferent fibers innervating the distal fingerpads (2, 3) . In recent years, a breakthrough in our understanding of the coding of roughness perception has been made with the experimental confirmation of Katz' historical proposition of the existence of two independent coding channels that are specific for the perception of coarse and fine textures (4) (5) (6) . The perception of coarse textures (with features of lateral dimensions larger than about µm 200
) relies on spatial variations of the finger/substrate contact stress field and is mediated by the slowly adapting mechanoreceptors (7) . In contrast, the perception of finer textures ( µm 200 < ) requires the finger to be scanned across the surface since it is based on the cutaneous vibrations thus elicited. These vibrations are intensively encoded principally by Pacinian fibers (8) which are characterized by a band-pass behavior with a best frequency (i.e. the stimulus frequency where maximum sensitivity occurs) of order Hz 250 (9) . The most elaborated description of the latter coding scheme was given by Bensmaïa and Hollins who directly measured the skin vibrations of fingers scanning finely textured substrates. They were able to correlate the perceived roughness of the surface with the power of the texture-induced vibrations weighted by the Pacinian spectral sensitivity (10, 11) .
Among the four types of mechanoreceptors that convey tactile information, Pacinian corpuscles (PC's) have the most extended receptive field and therefore the lowest spatial resolution. This may seem paradoxical given their involvement in the tactile perception of fine features (12, 13) . In standard psychophysical tests, the substrates used as stimuli are made of regularly spaced dots or bars (1) . The resulting
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skin vibrations are thus confined to a single frequency whose value can be actively tuned by the subject through the scanning velocity so that it falls within the PC optimal range of sensitivity. Such regular stimuli substrates thus favor tactile identification or classification tasks. In contrast, for natural surfaces where features are randomly distributed and exhibit a wide spectrum of size, the elicited skin vibrations are expected to be spread over a large range of frequencies among which only a limited fraction contributes to the PC activity.
To address this question on how low-resolution receptors encode fine textural information, the present study investigates the mechanical filtering properties of the skin. It aims at characterizing how textural information at any spatial scale (less than the finger/substrate contact diameter) is converted into subcutaneous vibrations in the vicinity of the mechanoreceptors during a dynamic tactile exploration. Since there is currently no way to measure experimentally the subcutaneous stress using a human subject, our approach is based on the use of a biomimetic tactile sensor whose functioning principle and main geometrical characteristics are matched to those of the human fingertip. This allows us in particular to test the role of epidermal ridges (fingerprints) in this transduction process. Two distinct functional roles have been so far attributed to these characteristic structures of the digital skin. Fingerprints are believed to reinforce friction and adhesion of the fingerpads thus improving the ability to securely grasp objects or supports (14, 1). They may also be implicated in tactile perception, each of them acting as a magnifying lever thus increasing the subsurface strain with respect to the surface deformation (15, 16) . Here we show that fingerprints may have a strong impact on the spectral filtering properties of the skin in dynamic tactile exploration.
The tactile sensor aims at mimicking the operation of the PC in dynamic tactile exploration (17, 18) . As with an elastic spherical cap mimicking the fingertip skin (Fig. 1A) together with the periodicity of the fingerprint-like structure, is chosen so that the number of ridges within the contact in the artificial system is close to that observed with an actual fingerpad under standard exploratory load (as illustrated in Fig. 1B and 1C ).
The stimuli consist of white-noise 1D textured substrates (Fig. 1A-upper 
where
) representing the topography of the surface. It should be noted that an exact calculation of the contact stress at a given location should take into account the local topography of the substrate and not only the average fraction of summits. The induced corrections should be significant at short length-scales but become small when considering stress modulations over distances larger than the mean grating period.
With this expression, the pressure signal is then given by
The transduction of tactile information is controlled by the product of the receptive field F and the reference stress field σ . The function F characterizes the intrinsic properties of the receptor. It is expected to have a typical lateral extension of order h and to be fairly independent of the skin topography (such as fingerprints)
provided that the height of the surface features is less than h (21). The reference field σ depends on the exploratory conditions such as the normal load P , the friction coefficient or the position of the contact zone with respect to the sensor location. Unlike F , the stress field σ is highly sensitive to the skin surface topography. In particular, the presence of fingerprints a few tens of micrometers deep leads to a complete extinction of σ along regularly spaced lines (as illustrated in Fig. S6 ), resulting in the observed spectral amplification of the signal at the frequency λ / 1 .
Equation 2 can be re-written as Remarkably, the response function of the fingerprinted system displayed in Fig. 3 is analogous to a Gabor filter since it provides both spatial and spectral resolution. Such (1) is mounted on a rigid base (2) . It is covered with a spherical elastomer cap (3) of maximum thickness mm 2 = h and whose surface is smooth or patterned with parallel ridges. The resulting tactile sensor is mounted on a double cantilever system (4, 5) allowing one to measure the total normal and tangential loads exerted on the sensor using capacitive position sensors (6, 7) . In a typical experiment, the tactile sensor is scanned at constant speed v (using a linear motor) and under constant normal load P, across glass slides (8) whose surface is patterned with a 1D random square-wave grating (9) 
1-Design of the biomimetic sensors
The principle and calibration of the biomimetic sensor have been described in a previous publication (S1). The sensing element is a MEMS (Micro-Electro Mechanical System) device designed by LETI (CEA, Grenoble, France). It allows for the measurements of the three components of the local force in a region of millimetric extension. In this article, only the normal component (local pressure p) was analysed. To reduce the adhesion and friction coefficients of the membranes against the substrates (and avoid damages to the micro-force sensor) the concave lens surface was finely abraded with a liquid water-SiC powder which, after molding, resulted in a mat finish of the elastomer surface. To limit residual stress, curing was performed at room temperature for at least 48 hours, after which the elastomer cap was peeled off from its cast and "glued" on top of the micro-sensor using a thin PDMS-crosslinker liquid film.
The "fingerprinted" membrane was designed by soft photolithography. A layer of photoresist (SU8-2035, Microchem Inc) was spin-coated on the abraded lens, and UV
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exposed through a mask consisting of alternating opaque and transparent parallel stripes of equal width 110µm. After development, one was left with a grating pattern of parallel grooves 28µm deep with the ridges summits displaying a mat finish similar to the smooth membrane.
The tactile sensor main characteristics (membrane dimensions and rigidity, microforce sensor's sensitive area) are comparable to the physiological system ones as shown in Fig. S1 .
2-Fabrication of the rough substrates
The substrates used as stimuli consisted of 1D square wave gratings designed with similar lithography techniques as detailed above. They were produced by patterning 28µm thick layers of SU8-2035 photoresist spin coated on microscope glass slides ( 76 26 × mm). The masks were designed with a bar code like pattern consisting of successive and alternating opaque and transparent stripes, 70mm long, whose edges locations were chosen from a uniform distribution (Fig. S4 ). This procedure resulted in a low pass white noise power spectrum with a cut-off spatial frequency ) /( 1 l π where l = 75µm is the mean distance between successive edges. The profile T(x) of the surface topography was extracted by optical profilometry (M3D, Fogale Nanotech).
As a test of robustness of the observed effect, a series of experiments was run using abraded substrates (Fig.S5) obtained by mechanical roughening of microscope glass slides with a liquid water-SiC powder (mean particle diameter 37µm). The surface topography displayed root mean square (rms) roughness of 1.2µm as measured by optical profilometry.
3-Friction experiments
Experiments were carried out using a frictional setup described in (S1). The bio-mimetic finger was mounted on a double cantilever system allowing one to record the normal and tangential loads using capacitive position sensors (Fogale Nanotech). The set-up was driven at a constant speed using a DC linear motor (LTA-HS actuator, Newport
hal-00433538, version 1 -20 Nov 2009
Inc.). Precision translation and tilt stages allowed for micrometric positioning of the sensor with respect to the substrates. Force measurements were recorded onto a hard drive using an A/D board (PCI 6255, 16 bits, National Instruments) and later analyzed.
In a typical experiment, the tactile sensor was first pressed against the substrate up to the prescribed normal load. Force signals were recorded as the tactile sensor was moved for 50 mm along the substrate under constant normal force and scanning velocity.
Misalignment between the substrate and the axis of motion generally resulted in a drift of the measured normal force. Once corrected, the normal force was found to vary by less than 1% over the whole substrate. Ten experiments were then carried out over the same region of the substrate to guarantee the reproducibility of the data set (Fig. S2 ).
In all experiments described in the manuscript, the ridges are parallel to the substrate grating and perpendicular to the scanning direction. To probe the effect of such an alignment on the amplitude of the measured signal, a series of experiments has been carried out where the orientation of the ridges was gradually tilted with respect to the scanning direction and substrate grating axis. This was achieved by mounting the tactile sensor on a rotating stage (Fig. S7) . Each interval on the y-axis corresponds to a pressure variation of 10kPa.
Curves are arbitrarily shifted for visualisation.
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